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Brief background and goal/ research question:   
Ceramic restorations were introduced as indirect restorative materials that combine high 
esthetics with superior mechanical properties. However, an important requirement for 
successful function of these restorations is adequate adhesion between the restoration 
material and tooth structure. The use of CAD/CAM restorations is steadily increasing, 
proper function and longevity of these restorations depends on good adhesion to the 
underlying substrate as well as operator technique.1 Preheated composite has been 
recommended by some clinicians and investigators for the adhesive luting of porcelain 
laminate veneers2, 3 based on its good marginal adaptation and perceived superior 
mechanical durability when compared to traditional resin luting cements. Marginal 
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adaptation alone is not sufficient to achieve successful cementation. Bond strength and 
durability, which is actually the most important factor, is yet to be evaluated. 3M™ 
ESPE™ claim that the “ Scotchbond™ Universal Adhesive is the only adhesive you’ll 
need. It offers one simple adhesive application technique for both direct and indirect 
indications and bonds to all surfaces including enamel, dentin, glass ceramic, zirconia, 
noble and non-precious alloys, and composites – without additional primer.”4 but there is 
a lack of in vitro studies specifying why it would be good for using the scotchbond 
universal adhesive as primer for the ceramic materials.  The results of this study establish 
new horizons and allow us to determine the efficacy of using the preheated composite as 
ceramic cementation material and scotchbond universal adhesive as primer for ceramic 
E.max material. 
The present study aims to measure the micro-shear bond strength (µSBS) of four deferent 
composite cement techniques  to E.max CAD and to determine the usability of a veneer 
cementing material. Methods: Lithium disilicate glass ceramic (IPS E.max CAD, 
Ivoclar- Vivadent Schaan, Liechtenstein) blocks sectioned into microbars approximately 
2×2×5 mm3. Extracted bovine teeth without signs of carious lesions were collected under 
a protocol reviewed and approved by the IRB (institutional review board) at Nova 
Southeastern University School of Dentistry. Enamel surface of bovine teeth was etched. 
For three groups E.max CAD microbars were etched with HF acid then monobond plus 
ceramic primer was applied. One group E.max CAD microbars was etched with HF acid 
then scotchbond universal adhesive was applied. E.max microbars were bonded to 
enamel surfaces using four different composite cement techniques. Group 1 Preheated 
FiltekTM Supreme Ultra (universal filling composite, 3M ESPE, St Paul, Minnesota, 
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USA), Group 2 Flowable FiltekTM Supreme Ultra (flowable filling composite, 3M ESPE, 
St Paul, Minnesota, USA)], Group 3 RelyXTM veneer cement, resin-based luting cement 
(3M ESPE, St Paul, Minnesota, USA) with scotchbond universal adhesive as ceramic 
primer according to the manufacturer instructions, and G4 RelyXTM veneer cement, resin-
based luting cement (3M ESPE, St Paul, Minnesota, USA) with Monobond plus as 
ceramic primer (n=12 per group). Specimens were stored in water (37°C, 4 days), then 
subjected to shear bond testing. Statistical analysis was performed by using one-way 
ANOVA and with a Tukey HSD. Results: The shear force recorded on the Universal 
Testing Machine for each sample was subsequently converted into megapascals (MPa) by 
the principal investigator, which is a Bond strength (MPa) = Actual Force (N) / Area of 
the microbars (mm2). The descriptive statistics of these force levels are reported in Table 
2. The mean µSBS microshear bond strength values and standard deviations of the four 
experimental groups are presented in Table 3. One-way ANOVA showed that significant 
differences in the mean µSBS microshear bond strength values existed among the groups 
( p < 0.05). Comparing different cements, G4 RelyX TM Veneer Cement (3M ESPE, St 
Paul, Minnesota, USA) with Monobond plus as ceramic primer showed the highest 
statistically significance with a mean µSBS value of 29.47 MPa, followed by Flowable 
Filtek
 
TM Supreme Ultra (3M ESPE, St Paul, Minnesota, USA) which ranked second with 
a mean µSBS value of 26.78 MPa. The third rank was preheated Filtek
 
TM Supreme Ultra 
(3M ESPE, St Paul, Minnesota, USA) with a mean µSBS value of 18,53 MPa, and the 
lowest microshear bond strength was RelyX TM Veneer Cement (3M ESPE, St Paul, 
Minnesota, USA) with  scotchbond as ceramic primer achieving a mean  µSBS value of 
8.80 MPa. Conclusions:  Within the limitations of the microshear bond strength method 
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used in this study. Monobond plus ceramic primer should be used prior to RelyX veneer 
cement because the results showed the highest µSBS. RelyX veneer cement with 
Scotchbond universal adhesive showed the lowest µSBS. Flowable and Preheated 
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Chapter 1:  
1.1 Introduction:  
In the field of dentistry, the reliability of CAD/CAM materials is related to the 
reproducibility of the manufacturing process. CAD/CAM blocks are manufactured to 
produce identical, dense and void-free material.5 Most CAD/CAM blocks are 
characterized by fine-particle microstructures that result in reduced machining damage, 
improved polishability, decreased abrasion coefficient and improved mechanical 
properties.6   
Lithium disilicate glass-ceramic is an innovative all-ceramic system, which enables 
clinicians to undertake a wide variety of all-ceramic restorative procedures, ranging from 
thin veneers to 12-unit bridges.  IPS e.max is a highly esthetic lithium disilicate glass-
ceramic, which can be used for both heated pneumatic pressing and CAD/CAM 
technology approaches. Manual adjustments and sprue cut back can be easily performed, 
and the fitting accuracy of the restoration can be checked. A crystallization process is 
then performed in a ceramic furnace to increase flexural strength of the material to 360 
MPa and to achieve the desired esthetic tooth shade and translucency. This material can 
be used for the fabrication of veneers, inlays, onlays, partial coverage and full coverage 
crowns as well as frameworks.6, 7   
Clinically, the use of resin cements to bond ceramic veneers to the underlying 
substrate is growing substantially, due to their strong bonding and esthetic shades. 
Flowable composite was introduced as a potential and equivalent substitute for the 
conventional adhesive-based resin cements. Because the shear bond strength of flowable 
composite is not different from light cure resin cement, it has been suggested as a suitable 
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alternative when used in porcelain laminate veneer bonding procedures.8 
The use of preheated composite has been recommended by some 
clinicians/investigators for the adhesive luting of porcelain laminate veneers2, 3 based on 
good marginal adaptation. However, marginal adaptation alone is not sufficient to 
achieve successful cementation. More important than marginal adaptation, is the bond 
strength and durability of the luting cement. Elevating the temperature of composite resin 
has been shown to improve the flow characteristics of the resin, increase the degree of 
monomer-to-polymer conversion, and reduce the amount of polymerization contraction 
stress by reducing the light exposure time.9, 10 All of these benefits have been made 
available through the use of a unit for warming composite resin material just prior to its 
use. The same effects that are seen for preheated composite restorative materials can now 
be achieved for composite resins used to bond porcelain laminate veneers.3 Increasing the 
temperature of composite resin, within potentially biologically compatible limits, could 
significantly influence resin polymerization. These increased rates and conversion levels 
could lead to improved properties of composite materials.11 
Several in-vitro bond strength testing methods have been used to evaluate dental 
adhesion, such as shear, tensile, microshear and microtensile bond strength tests. The 
“micro” tests give the advantages of preparing several samples per tooth with 
conservative amounts of tooth structure and materials.12-14 Micro-shear bond strength 
(µSBS) testing is capable of concentrating applied stresses at a small adhesive interface 
compared to conventional shear bond strength testing,15
 16 In addition, smaller specimens 
are less likely to have unrealistic critical size defects that can affect the outcome of the 
test. This is the reason why “micro” tests generally have higher bond strength values 
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compared to the “macro” test methods.13, 17
  
 
1.2.1 CAD/CAM Technology 
                   The past decade’s increased demand for porcelain veneer restorations has 
expanded the search for materials with improved properties. Computer–Aided-Design/ 
Computer-Aided-Manufacturing (CAD/CAM) is one such restorative system which 
enabled dentists to provide the patients with an indirect ceramic and composite resin 
restoration in a single appointment with simpler procedures compared to conventional 
restorative systems and without the need for conventional impression material and dental 
laboratory support.18 
 
                  Computer-aided design/computer-assisted manufacture (CAD/CAM) Ceramic 
restoration materials are available in the form of blocks ready to be milled for veneers, 
crowns, inlays, onlays, and implant restorations. These blocks are characterized by their 
uniform high mechanical properties that give them advantage over materials of similar 
composition used for laboratory fabricated restorations following traditional techniques. 
However, adequate adhesion between these restorations and tooth substrate is a 
prerequisite for proper function and longevity of the restorations.19 
 
1.2.2 CAD/CAM History 
 
            The need for a uniform material quality, reduction in production costs, and 
standardization of the manufacturing process has encouraged researchers to seek to 
automate the conventional manual process via the use of computer-aided 
design/computer-assisted manufacture (CAD/CAM) technology since the 1980s.20 
 12 
 
            The introduction of CAD/CAM in dentistry begins with the work of Dr. Duret. He 
took an optical impression and fabricated a crown using a numerically controlled milling 
machine. Dr. Duret developed the commercial Sopha® System, which had an impact on 
the later development of dental CAD/CAM systems in the world. However, this system 
was not widely used due to some technical limitations such as the lack of digitizing 
accuracy, limitations of computer technology and materials not fully- developed to apply 
this system in dentistry.21
  
              Later on, Dr. Mormann introduced the first commercially designed computer-
aided design/computer-assisted manufacture (CAD/CAM) system in 1985 under the 
name CEREC1. He fabricated an indirect onlay restoration from a ceramic block after 
taking a digital impression from an intra oral camera and designing and milling the 
restoration from a ceramic block using a chair side machine. 
            In 1994, Siemens developed the CEREC 2 system, which was capable of 
fabricating veneers and crowns. In 2000, Sirona developed the CEREC 3 & inlab system, 
which was capable of fabricating three-unit bridge frames in addition to other restorations 
fabricated by CEREC 2.20 
            With recent developments in CEREC devices, the CEREC MC X and CEREC 
MC XL combined with CEREC AC Omnicam can be used for a majority of indications 
and materials, including FPDs. 
1.2.3 CAD/CAM Advantage: 
            The use of CAD/CAM technology for dental restorations has numerous 
advantages over traditional techniques that can be summarized as: 
Compared to a conventional impression, CAD/CAM technology can save time and steps 
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for dentists and technicians. Steps eliminated at the dental office include tray selection, 
material dispensing, material setting, material disinfection. 
High-strength dental restorations, which are considered difficult to process using 
conventional laboratory methods, can be fabricating with CAD/CAM technology. 
CAD/CAM digital scans have the potential to be faster and easier than conventional 
impressions because casts, wax-ups, investing, casting, and firing are eliminated.5 
CAD/CAM technology allows the rescanning of missing and unacceptable areas, whereas 
in conventional impressions the entire arch needs to be retaken. 
Savings in time and labor have the potential to reduce costs, and the promise of faster, 
high-quality restorations should appeal to patients. Patients are also happy to avoid the 
need for potentially gag-inducing impressions.  
All the scans for the CAD/CAM can be stored on the computer; whereas, standard stone 
models take up space and can chip or break if stored improperly.  
 
1.2.4 Limitation of CAD/CAM technology: 
The cost of the CAD/CAM scanner and software is high, and the dentist needs to spend 
time and money on training.  
CAD/CAM technology may not be able to scan subgingival margins in severely broken 
teeth. Conventional gingival retraction procedures are required in these cases.22 
The shade of CAD/CAM block material is unnatural looking, however, some 
polychromatic blocks are now available and are specially layered to simulate the natural 
appearance of the enamel and dentin. 
An unpredictable spatial movement of the scanner by operator would initiate a change of 





1.2.5 CAD/CAM  Materials   
1.2.5.1 E.max 
         Significant developments in all-ceramic materials have created wonderful 
opportunities for the fabrication of lifelike restorations that provide reliable, long-term 
results. To maximize the functional requirements of these materials, Ivoclar Vivadent, 
Inc. has introduced  IPS e.max CAD (Ivoclar Vivadent, Schaan, Liechtenstein): a lithium 
disilicate glass ceramic, a material that provides optimum esthetics and strength.The IPS 
e.max lithium disilicate is composed of quartz, lithium dioxide, phosphor oxide, alumina, 
potassium oxide, and other components that offers excellent strength and durability as 
well as outstanding optical properties. IPS e.max lithium disilicate can be traditionally 
pressed or contemporary processed via CAD/CAM technology.  
The IPS e.max CAD “blue block” uses a two-stage crystallization process. The two-stage 
crystallization uses a controlled double nucleation process where lithium meta-silicate 
crystals are precipitated during the first step. The resulting glass ceramic demonstrates 
excellent processing properties for milling and tends to be a “blue color” in this state 
depending on the amount of added colorant. In a second heat treating step performed 
after the milling process has occurred, the meta-silicate phase is completely dissolved and 
the lithium disilicate crystallizes. This heat treatment occurs at approximately 840-850oC 
in a porcelain furnace. This process gives the definitive restoration a fine-grain glass 
ceramic with 70% crystal volume incorporated in a glass matrix.23  
The crystallization process (approx. 20 min) is then performed in a ceramic furnace to 
 15 
 
increase the flexural strength of the material to 360 MPa and to achieve the desired 
esthetic tooth shade and translucency. This material can be used for the fabrication of 
veneers, inlays, onlays, partial coverage and full coverage crowns as well as 
frameworks.6, 7 
	 	
1.3 Cementation of CAD/CAM material 
          Cementation systems play an important role in the long term outcome of 
CAD/CAM restoration.24 Proper bonding to tooth structure can be achieved when an 
appropriate surface treatment of the internal surface of the restoration is performed and 
the recommendations of the manufacturer are followed.25 Laboratory shear bond strength 
testing can be performed to predict the clinical performance of these materials.
 
There are several characteristics of resin cements that make them clinically superior 
luting agents. Resin cements may have high bond strengths both to tooth structure and 
porcelain.  
 
1.4 Ceramic Chemical treatment 
          Applying silane coupling agents to prepared ceramic surfaces for chemical bonding 
has also been recommended. Primers improve bonding between resin cements and 
ceramic restorative materials. Silanating agents are used with silica-based ceramics 
(feldspathic porcelain, leucite-reinforced ceramic, lithium disilicate ceramic). Modern 
silanating agents are one-bottle systems.26 
           Silane is a bifunctional molecule that can bond with hydroxyl groups and silicon 
dioxide on the ceramic surface on one side, and with resin on the other side. Applying 
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silane also increases the wettability of the ceramic surface.27 
As an alternative method, 3M™ ESPE™  are marketing the Scotchbond Universal 
Adhesive (3M ESPE; Seefeld, Germany) contains MDP and silane, which allows it to 
prime ceramic restorations.28 
 
1.4.1 Monobond Plus Ceramic primer  
 
               Monobond Plus (Ivoclar Vivadent, Schaan, Liechtenstein) is a universal primer 
for all types of restorative materials. Silane coupling agents, which are synthetic hybrid 
inorganic-organic compounds, are used to promote adhesion between the indirect 
restoration and the resin cement.29 Monobond Plus is allowed to react for 60 seconds to 
form a layer together with the monomer. Due to the layer that forms, the previously 
hydrophilic surface turns hydrophobic. Consequently, the luting composite is able to 
optimally wet the restorative material. As the free methacrylate groups are chemically 
incorporated into the composite matrix, a reliable bond is established in the course of the 
polymerization procedure.30Bona et al. have asserted that ceramic primer application 
improves the bonding to ceramics reinforced with feldspar, leucite, or lithium disilicate.31 
 
1.4.2 Scotchbond 
              Scotchbond Universal Adhesive is a single-component, light-curing adhesive 
that can be used in self-etch or total-etch procedures. It also contains MDP and silane, 
which allows it to prime metal, silica-based ceramic and zirconia restorations. 
Scotchbond Universal Adhesive is ethanol- and water-based and bonds to moist or dry 
tooth surfaces. Scotchbond Universal Adhesive is indicated for use in all direct and 
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indirect bonding procedures, including composite fillings; core build-ups; cementation of 
crowns, bridges, inlays, onlays, and veneers. 
3M™ ESPE™ claim that the “ Scotchbond™ Universal Adhesive is the only adhesive 
you’ll need. It offers one simple adhesive application technique for both direct and 
indirect indications and bonds to all surfaces including enamel, dentin, glass ceramic, 
zirconia, noble and non-precious alloys, and composites – without additional primer.”4 
 
1.5 Ceramic Cementation  
             Cementation is a crucial step in the process of ensuring the retention, marginal 
seal, and durability of indirect restorations.32 Since the introduction of the first all-
porcelain crown in the early 1900s, various cements have been used to adhere porcelain 
restorations to tooth structure.  
 
 
1.5.1 RelyX veneer cement  
 
                The benefit of using a light-cured only cement is that it allows us to place 
multiple units without having to race against the clock, having high mechanical 
properties, and the lowest solubility compared to the other available cements.33 Light-
cured cement does not contain the unreacted amines necessary to react with the peroxides 
in the catalyst needed as a dual-cure cement. 
3M/ESPE has also incorporated a high efficiency photoinitiator into the system which 




1.5.2 Preheated composite  
 
              Filtek
 
TM Supreme Ultra (3M ESPE, St Paul, Minnesota, USA) composite  resin  
are very thick, but preheating of the resin composites exhibited significant decrease in 
film thickness due to the thermal energy that increases the molecular motion of the 
monomer chains within the composite and also increases the collision frequency. The use 
of preheated composite has been recommended by some clinicians and investigators for 
the adhesive luting of porcelain laminate veneers2, 3 based on its good marginal 
adaptation and perceived superior mechanical durability when compared to traditional 
resin luting cements. 
 
1.5.3 Flowable composite  
            The use of a flowable composite as a direct restorative material is increasing due 
to improved esthetics and adhesion to tooth structure. However, with the advent of 
flowable composites, a new class of composites with reduced viscosity has emerged with 
many indications for use, among them is use as a porcelain veneer bonding system.35              
Some flowable resin would seem acceptable for cementing porcelain veneers.36 These 
new propertties such as viscosity, help facilitate removal of the excess resin and give the 








1.6 Bovine Teeth 
              Human teeth are preferred for dental research in vitro because they are more 
clinically relevant substrates. However, some limitations with the use of human teeth 
exist. Several such limitations are extensive carious lesions and other biological defects 
as well as difficulty to obtain in a sufficiently adequate quality. It can also be challenging 
to control the source and age of the collected human teeth, which may lead to larger 
variations in the outcome measures of the study.38 Finally, awareness of the infection 
hazard and ethical issues have increased. Therefore, alternative substrates have been 
proposed and used in dental research.  
            Bovine teeth have been the most widely used substitute for human teeth in dental 
studies. Bovine teeth are easy to obtain in large quantities, in good condition and with a 
more uniform composition than that of human teeth. Furthermore, bovine teeth have a 
relatively large surface, and do not have carious lesions and other defects. 
Some studies used scanning electron microscopy (SEM) to compared the average 
diameter of dentinal tubules in human and bovine teeth. The result showed no significant 
differences in the number and mean of dentinal tubules between bovine coronal dentin 
and the dentin of human permanent molars.39 
 
 
1.8 Importance of Study  
           Aggressive marketing in the field of veneer restoration is evident at meetings, 
conferences and in the literature. Dentists everywhere are looking for the best ceramic 
veneer and cementation materials in products. Although product testing is conducted by 
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the manufacturers of these cement material, practitioners should be cautious of the results 
of these studies as they may be biased. Some studies reported in the material literature 
comparing the different cement material. But there have been no studies reported in the 
literature utilizing the different cementation techniques we intend to use.  
3M ESPE are marketing the Scotchbond Universal Adhesive (3M ESPE; Seefeld, 
Germany) as their newest adhesive material that is able to do the function of ceramic 
primer and the practitioners are purchasing them without unbiased research to support 
their use. The use of preheated composite has been recommended by some clinicians and 
investigators for the adhesive luting of porcelain laminate veneers2, 3 based on its good 
marginal adaptation and perceived superior mechanical durability when compared to 
traditional resin luting cements. Marginal adaptation alone is not sufficient to achieve 
successful cementation. Bond strength and durability, which is actually the most 
important factor, is yet to be evaluated. This project is unique since no other published 
study has tested the preheated Filtek
 
TM Supreme Ultra (3M ESPE, St Paul, Minnesota, 
USA), Flowable Filtek
 
TM Supreme Ultra 3M ESPE, St Paul, Minnesota, USA), RelyXTM 
veneer cement with Scotchbond universal adhesive as ceramic primer, (  3M ESPE, St 
Paul, Minnesota, USA) and RelyXTM veneer cement with monobond plus as a ceramic 
primer ,(  3M ESPE, St Paul, Minnesota, USA). This study will examine the  µSBS 
microshear bond strength. The µSBS microshear bond strength has not yet been reported 
in the literature. Through this study, we will be able to make recommendations on the use 





1.9 Purpose, Specific Aims and Hypotheses  
1.9.1 Purpose  
To measure the micro-shear bond strength (µSBS) of four different composite material 
techniques to cement the lithium disilicate glass-ceramic (E.max CAD veneer). 
 
1.9.2 Specific Aims  
1.9.2.1 For Aim 1: 
To compare the µSBS of the four different composite material techniques to bovine 
enamel and the surface of lithium disilicate glass-ceramic (E.max CAD veneer). 
1.9.2.2 For Aim 2: 
To compare the µSBS of the scotchbond universal adhesive as ceramic primer and 
monobond plus primer as a ceramic primer to lithium disilicate glass-ceramic (E.max 
CAD veneer). 
 
1.9.3 Hypotheses  
Ho: There will be no difference in the µSBS of the four different composite material 
techniques to bovine enamel and the surface of lithium disilicate glass-ceramic (E.max 
CAD veneer). 
Ho: There will be no difference in the µSBS of the four scotchbond universal adhesive as 
ceramic primer and monobond plus primer as ceramic primer to lithium disilicate glass-




Chapter 2. Materials and Methods 
2.1Study  
2.1.1 Location of Study 
The design, preparation, data collection and data analysis of the study took place at: 
Bioscience Research Center, Room 7356  
Nova Southeastern University College of Dental Medicine 
3200 South University Drive 
Daive, Florida 33328 
 
2.1.2 Grant  
This study was funded by a grant awarded from the Health Professions Division at Nova 
Southeastern University.  
2.1.3 Operator 
All procedures were performed by a single operator (Dr. Khalid Motlaq) after a training 
session in order to achieve adequate handling of materials and procedures.  
2.2 Independent variable 
Preheated Filtek
 
TM Supreme Ultra (3M ESPE, St Paul, Minnesota, USA). 
Flowable Filtek
 
TM Supreme Ultra 3M ESPE, St Paul, Minnesota, USA). 
RelyX TM Veneer Cement with scotchbond as ceramic primer (Rely X ARC, 3M ESPE, 
St Paul, Minnesota, USA). 
RelyX TM Veneer Cement with monobond plus as ceramic primer (Rely X ARC, 3M 
ESPE, St Paul, Minnesota, USA). 
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2.3 Dependent variable  
Microshear Bond Strength µSBS. 
2.4 Study Groups  
Study groups are shown in figure 1. (Table 1 ) presents a description of all materials to be 
used in the study.  
G1 - (PHC) E.max CAD; cement with Preheated Filtek
 
TM Supreme Ultra  
G2 - (FLC) E.max CAD; cement with Flowable Filtek
 
TM Supreme Ultra  
G3 - (RVC) E.max CAD; cement with RelyX TM Veneer Cement with scotchbond as 
ceramic primer (Rely X ARC, 3M ESPE, St Paul, Minnesota, USA). 
G4 - (MRVC) E.max CAD; cement with RelyX TM Veneer Cement with monobond plus 
as ceramic primer (Rely X ARC, 3M ESPE, St Paul, Minnesota, USA). 
 


























Table 1: Materials composition and instructions for use. 
MATERIAL/MANUAFACTURER COMPOSITION INSTRUCTIONS FOR USE 
Ceramic Etching Gel 9.6% hydrofluoric acid Ceramic Etching 
Ultra-Etch® 





35% phosphoric acid solution Etching before bonding 
composites, sealants, or adhesives 
VALO® Grand 
 
LED Curing Light 
 






Custom, multiwavelength light 
emitting diode (LED)  
Source of illumination for curing 
photo-activated dental restorative 
materials and adhesives. 
RelyX TM Veneer Cement. (3M 
ESPE, St Paul, Minnesota, USA) 
Light - cure resin cement  
  
 
Adhesive resin will be applied 
to the bonding surface of the 
specimens. Light cure for 40 s.  
 
IPS e.max CAD (Ivoclar Vivadent; 


















TM Supreme Ultra Fine-particle, monochromatic 
feldspar ceramic blocks  
 
Preventive resin restoration 
Indirect restoration cement 
Scotchbond universal adhesive (3M 
ESPE, St Paul, Minnesota, USA) 
 
Active bonding and silane 
coupling agent  
 
Applied to tooth surface and  
ceramic 




Silane coupling agent Applied to the ceramic surface. 
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2.5 Methods:  
2.5.1 Main study  
                 Four groups were formed (n=12). The G Power Statistics Software was used to 
calculate the sample size. A power analysis was conducted using data from Carvalho40. 
The G-Power analysis was obtained to compare the difference between groups for the 
differences in materials with the effect size of 9.27, α=0.5, power of 80%.  After using 
the one-way ANOVA option in G power software, the total sample size for each group 
was determined as a minimum of twelve per group. 
2.6 Specimen Preparation:  
2.6.1 Preparing IPS e.max CAD specimens:  
                IPS e.max CAD Blocks (Ivoclar Vivadent, Liechtenstein) (Figure 1) were cut 
perpendicular to the long axis of the block with a low speed diamond saw (IsoMet Low 
Speed Saw, Buehler, Illinois, USA) (Figure 2) under copious water to expose flat freshly-
cut material surface. Each block was then cut perpendicular to the flat surface into slabs 
of 2mm thickness using the same saw. The block of slabs was then rotated 90o and again 




and 5-6 mm in length , were separated to be utilized for microshear bond 
strength test. The IPS e.max CAD microbars were crystallized in a ceramic furnace (EP 
600 Combi, Ivoclar Vivadent, Liechtenstein) (Figure 3) according to the manufacturer 
instructions. Groups were marked with different colors. G1 (PHC) black color, G2 (FLC) 
red color, G3 (RCV) green color, and G4 (MRCV) no color. (Figure 4). All of the 
microbars were then ground with silicon carbide abrasive paper of grits 400, 600, and 
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1200 (Leco VP 100, Leco Instrumente GmbH, Germany).  
 








Figure 3. IPS e.max CAD microbars of cross sectional area 2mm2 ± 0.1 mm2and 5-6 
mm in length 
 
Figure 4. Groups were marked with different color. G1 (PHC) black color, G2 
(FLC) red color, G3 (RCV) green color and G4 (MRCV) no color.  
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                 The IPS e.max CAD microbars were embedded in a plastic base to expose the 
surface only for the surface treatment procedure, IPS e.max CAD microbars was treated 
with 9.6% hydrofluoric acid for 20 seconds (Figure 5) , washed thoroughly for 1 min 
under tap water and air-dried. Then, E.max surface treatment procedures were started, for 
the G1(PHC), G2 (FLC), and G4 (MRVC) silane coupling agent Monobond Plus (Ivoclar 
Vivadent, Schaan, Liechtenstein) (Figure 6) was applied to the bonding surface according 
to the manufacturer instructions presented in Table 1. For the G4 (RVC) the ceramic 
surface was treated by Scotchbond Universal Adhesive (3M ESPE; Seefeld, Germany) 
(Figure 7), according to the manufacturer instructions presented in Table1.  
 













2.6.2 Enamel substrate:  
               Intact caries-free bovine teeth were collected after the appropriate protocol was 
reviewed and approved by the institutional review board at Nova Southeastern 
University’s College of Dental Medicine. Teeth were kept, whenever possible, in distilled 
water during and between all experimental procedures, in order to preserve their optimum 
mechanical and physical properties. Roots were then embedded in chemic Type III dental 




Figure 8. Roots embedded in chemic Type III dental stone  
                Facial surfaces of the teeth were initially prepared parallel to the long axis 
(Figure 9) with a high speed handpiece under copious water to flatten the enamel surfaces 
(Figure 10) 0.5 mm in depth with a depth preparation bur (Diatech, Coltene/ Whaledent, 
AG, Switzerland). The preparation surfaces were painted with a pencil, Then, the 
specimens were prepared without exceeding the depth-orientation grooves to provide flat 
enamel surface area. Preparations were continued until the color was removed from the 




Figure 9. prepared parallel to the long axis  
 





2.7 Bonding procedure: 
2.7.1 Bonding procedure for Preheated and flowable composite  
               The enamel surfaces of the bovine teeth surfaces were covered with 37% 
phosphoric acid gel (Figure 11) for 20 sec, rinsed with running water for 30 s, followed 
by drying for 5 seconds using air syringe compressed air at 23°C (normal air) for 5 
seconds. For G2 – (PHC) and G3 – (FLC) ; Optibond FL primer applied to the bonding 
surface of the enamel and scrubbed in for 15 seconds then air thinned with oil-free, 
moisture-free air until the solvent is evaporated and the adhesive no longer moves over 
the surface. Bonding agent applied to the bonding surface of the enamel and scrubbed in 
for 15 seconds then air thinned with oil-free, moisture-free air for 15 seconds. 
 




2.7.2 Bonding procedure for (RVC) RelyX TM Veneer Cement 
               The enamel surfaces of the bovine teeth surfaces were covered with 37% 
phosphoric acid gel (Figure 11) for 20 sec, rinsed with running water for 30 s, followed 
by drying for 5 seconds using air syringe compressed air at 23°C (normal air) for 5 
seconds. For ( RVC) and (MRVC) ; Scotchbond Universal Adhesive (3M ESPE; Seefeld, 
Germany) applied to the bonding surface of the enamel and scrubbed in for 15 seconds 
then air thinned with oil-free, moisture-free air until the solvent is evaporated and the 
adhesive no longer moves over the surface.  
 
2.8 Cementation 
2.8.1 G1 – (PHC) Cementation  procedure for (PHC) Preheated Filtek
 
TM Supreme Ultra  
              One compule of Filtek
 
TM Supreme Ultra (3M ESPE, St Paul, Minnesota, USA) 
was  placed in a composite warmer (AdDent Inc), preheated to the 54°C setting. A 
uniform layer of pre-heated composite was injected to the bonding surface of the 
specimens, then the microbars were placed perpendicular to the enamel surface. Excess 
resin was removed from around the rods using microbrushes, then light-cured for 20 
seconds per surface using a LED curing-light unit (VALO, Ultradent , South Jordan, UT, 








2.8.2 G2 – (FLC) Cementation  procedure for (FLC) Flowable Filtek 
Supreme Ultra 
               A uniform layer of Flowable Filtek
 
TM Supreme Ultra (3M ESPE, St Paul, 
Minnesota, USA) composite was injected to the bonding surface of the specimens. The 
microbars were placed perpendicular to the enamel surface. Excess resin was removed 
from around the rods using microbrushes, then light-cured for 20 seconds per surface 
using a LED curing-light unit (VALO, Ultradent , South Jordan, UT, US) with an output 




2.8.3 G3 – (RVC) Cementation procedure for (RVC) RelyX Veneer 
Cement 
               A uniform layer of RelyX TM Veneer Cement (3M ESPE, St Paul, Minnesota, 
USA), composite was injected to the bonding surface of the specimens. The microbars 
were placed perpendicular to the enamel surface. Excess resin was removed from around 
the rods using microbrushes, then light-cured for 20 seconds per surface using a LED 
curing-light unit (VALO, Ultradent , South Jordan, UT, US) with an output of 700 




2.8.4 G4 – (MRVC) Cementation procedure for (RVC) RelyX TM Veneer 
Cement 
               A uniform layer of RelyX TM Veneer Cement (3M ESPE, St Paul, Minnesota, 
USA), composite was injected to the bonding surface of the specimens. The microbars 
were placed perpendicular to the enamel surface. Excess resin was removed from around 
the rods using microbrushes, then light-cured for 20 seconds per surface using a LED 







2.9 Storage   
After cementation procedures, each tooth was immersed in deionized water for 4 days. 
Specimens were stored in distilled water (pH 7), at 37o C.42  
 
2.10 Microshear bond strength testing:  
                 After the specimens were stored in distilled water for 4 days at 37°C. The 
specimens  were tested for shear strength in the Universal Testing Machine (Instron Corp, 
Canton, Mass), set at a cross-head speed of 5.0 mm/min.43 Before debonding, the 
specimens were oriented so the debonding arm was parallel to the long axis of the tooth 
and microbar base, allowing the arm to produce a shear force at the microbar ceramic- 
tooth interface. 
                 During debonding, the shear force required to debond each microbar ceramic 
specimens was recorded in Newtons (N) by a computer that was electronically connected 
to the Universal Testing Machine (Instron Corp, Canton, Mass). The bonded area was 
calculated and the shear bond strength was expressed in MPa.  
Bond strength (MPa) = Actual Force (N) / Area of the microbars (mm2)  
 
2.11 Data Storage  
The data was entered and stored on excel spreadsheets on a password protected computer.  
 
2.12 Statistical Analysis  
                Descriptive statistics, including means, standard deviations, minimums and 
maximums were used to describe the shear bond strength in each grope. 
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The dependent variable in this study was µSBS microshear bond strength. The 
independent variable was the type of cement material G1(PHC) Filtek
 
TM Supreme Ultra 
(3M ESPE, St Paul, Minnesota, USA), G2 (FLC) Flowable Filtek
 
TM Supreme Ultra (3M 
ESPE, St Paul, Minnesota, USA), G3 (RVC) RelyX TM Veneer Cements (Rely X ARC, 
3M ESPE, St Paul, Minnesota, USA) with scotchbond as ceramic primer, and G4 
(MRVC) RelyX TM Veneer Cements (Rely X ARC, 3M ESPE, St Paul, Minnesota, USA) 
with Monobond plus as ceramic primer.  
In order to determine between which groups the statistically significant differences 
existed, One-way ANOVA with a TukeyHSD post-hoc test were performed. Statistical 
significance was predetermined at p ≤ 0.05. In order to determine if there were 
statistically significant differences between groups. 
 
Chapter 3: 
3.1 Results  
                The shear force recorded on the Universal Testing Machine for each sample 
was subsequently converted into megapascals (MPa) by the principal investigator, which 
is a Bond strength (MPa) = Actual Force (N) / Area of the microbars (mm2). The 
descriptive statistics of these force levels are reported in Table 2. The mean µSBS 
microshear bond strength values and standard deviations of the four experimental groups 
are presented in Table 3. One-way ANOVA showed that significant differences in the 
mean µSBS microshear bond strength values existed among the groups ( p < 0.05) . 
Comparing different cements, G4 RelyX TM Veneer Cement (3M ESPE, St Paul, 
Minnesota, USA) with Monobond plus as ceramic primer showing the highest 
 40 
 
statistically significant value with mean µSBS value of 29.47 MPa, followed by Flowable 
Filtek
 
TM Supreme Ultra (3M ESPE, St Paul, Minnesota, USA) which ranked second with 
a mean µSBS value (26.78 MPa). The third rank was Filtek
 
TM Supreme Ultra (3M ESPE, 
St Paul, Minnesota, USA) with mean µSBS value of 18,53 MPa, and the lowest 
microshear bond strength was RelyX TM Veneer Cement (3M ESPE, St Paul, Minnesota, 
USA) with scotchbond universal adhesive as ceramic primer mean  µSBS value of 8.80 
MPa. A single operator inspected the 3 specimens from each group under a 
stereomicroscope (Olympus, Center Valley, PA) at 40x magnification to fully assess the 
quality of the interfacial bonding. The ARI is of clinical importance to represent the 







Table 2. Descriptive Statistics 
Group  Mane SD Min Max 
G1 Preheated Composite 
G2 Flowable Composite 
G3 Rely X with Scotchbond  
   18.53 
26.78 
   8.80 









G4 RelyX with Monobond   29.47 9.33 11.63 43.83 
      
      




Table 3. ANOVA Table 
 Df Sum Sq Mean Sq F value Pr(>F) 
Group 3 2939.0 979.5 13.0 P < 0.001 






















95% CI P-Value 
G1 Preheated Composite – G3RelyX with 
scotchbond 9.73 0.04 19.42 0.049 
G2 Flowable Composite – G3 RelyX with 
scotchbond 17.98 8.08 27.88 0.000 
G4 RelyX with monobond plus – G3 RelyX 
with scotchbond 20.67 10.98 30.36 0.000 
G2 Flowable Composite – G1 Preheated 
Composite 8.25 -1.44 17.94 0.120 
G4 RelyX with Monobond plus – G1Preheated 
Composite 10.94 1.46 20.41 0.018 
G4 RelyX with monobond plus – G2Flowable 





             The purpose of this in vitro study was to compare the microshear bond strength 
between G1(PHC) E.max CAD; cement with Preheated Filtek
 
TM Supreme Ultra, G2 
(FLC) E.max CAD; cement with Flowable Filtek
 
TM Supreme Ultra, G3 (RVC) E.max 
CAD; cement with RelyX TM Veneer Cement with scotchbond universal adhesive as 
ceramic primer (Rely X ARC, 3M ESPE, St Paul, Minnesota, USA) and G4 (MRVC) 
E.max CAD; cement with RelyX TM Veneer Cement with monobond plus as ceramic 
primer (Rely X ARC, 3M ESPE, St Paul, Minnesota, USA). 
             We have shown that the Rely X veneer cement with Monobond plus as ceramic 
veneer primer has highest µSBS microshear bond strength and the result for schotchbond 
universal adhesive as ceramic primer showed lowest µSBS microshear bond strength. 
Instron Universal Testing Machine Model 8841 was using to measure the shear test. 
Shear and tensile tests have been most commonly used to measure the bond strength of  
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veneer dental materials because they are easy to perform, requiring minimal equipment 
and specimen preparation.45 
                Biria et al tested the µSBS microshear bond strength and their study also found 
that this 
 test has been one of the best methods to evaluate adhesion of CAD/CAM restoration to 
the enamel surface of the tooth as an alternative to conventional shear bond strength 
testing.46 
                 G4 (MRVC) RelyX TM Veneer Cement (3M ESPE, St Paul, Minnesota, USA) 
with Monobond ceramic primer exhibited the highest mean µSBS microshear bond 
strength value of 29.47 MPa, followed by G2 (FLC) Flowable Filtek
 
TM Supreme Ultra 
(3M ESPE, St Paul, Minnesota, USA)  with a mean µSBS value of 26.78 MPa. However, 
there were  no statistically significant differences between G2 (FLC) and G4 (MRVC), ( 
p > 0.05). The result are in agreement with Elif Ozturk et al (2012) who found that using 
ceramic primer with  RelyX TM Veneer Cement (3M ESPE, St Paul, Minnesota, USA) 
was capable of achieving high shear bond strength, when used to bond lithium disilicate 
ceramic restorative material. 
                3M™ ESPE™ claim that the “ Scotchbond™ Universal Adhesive is the only 
adhesive you’ll need. It offers one simple adhesive application technique for both direct 
and indirect indications and bonds to all surfaces including enamel, dentin, glass ceramic, 
zirconia, noble and non-precious alloys, and composites – without additional primer.”4              
G3 - RelyX TM Veneer Cement (3M ESPE, St Paul, Minnesota, USA) with scotchbond 
universal adhesive as ceramic primer showed the lowest bond strength in all groups. 
These results are contrary with 3M RelyX manufacture recommendations who found that 
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using scotchbond adhesive in the ceramic material is enough to achieve adequate shear 
bond strength. This study found statistically significant differences between using 
Scotchbond™ Universal Adhesive as ceramic silane and using Monobond Plus (Ivoclar 
Vivadent, Schaan, Liechtenstein) as primer for ceramic restoration. This could be 
explained by how important it is to use the ceramic primer and by following the 3M 
ESPE manufacture recommendation just using the scotchbond and avoid the ceramic 
primer conceder which negatively affects the mechanical properties of these cements as a 
result of decreasing the water-resistant bonding reaction. 
              Monobond Plus (Ivoclar Vivadent, Schaan, Liechtenstein) contains a silane and 
a phosphate monomer. Silanes that possess two different functional groups in a molecule  
generally react with SiO2 of the substrate material to form siloxane bonds, and also 
copolymerize with methacrylates. Acidic compounds accelerate the formation of siloxane 
bonds. 47 However, the low bond strength of scotchbond universal adhesive suggests 
limitations in the role of silane for bonding the CAD/ CAM resin composite.  
               Silanes are adhesion promoters that contain two different reactive functional 
groups that can react and couple with various inorganic and organic materials. They are 
used to increase the union of dissimilar materials. The hydrolysable functional groups 
react to the surface hydroxyl groups of inorganic substrates creating a siloxane bond (Si-
O-Si). The organic non-hydrolysable functional group with a carbon-carbon double bond 
can polymerize with resin composite monomers containing double bonds.48, 49 It could be 
assumed that there should be equilibrium between the amount of the hydroxyl groups of 
inorganic substrates exposed and the hydrolysable functional groups present in the silane. 
Thus, the quality of the siloxane bond formed is determined by the concentration of the 
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silane solution 49and the surface pre-treatment protocol that determines the amount of 
hydroxyl groups exposed. 
                 Hydrofluoric acid 9.6 % etching generated a micromechanically retentive 
surface texture via preferential dissolution of the glassy phase from ceramic matrix. It 
also promoted hydroxyl group formation on the ceramic surface.49 It could be assumed 
that the concentration of the silane in the scotchbond agent was not compatible with 
hydroxyl groups formed on the ceramic surfaces, which might in turn impair the surface 
wettability and resin impregnation into the microretentive recess areas. The additional 
silanization step by using Monobond Plus (Ivoclar Vivadent, Schaan, Liechtenstein) 
enhanced the chemical bonding to the exposed hydroxyl groups and surface wettability 
with resin impregnation. This was corroborated with amelioration of the microshear bond 
strength. 
                 Group1(PHC), had a mean µSBS microshear bond strength of (18,53 MPa) 
and G2 (FLC) Flowable Filtek
 
TM Supreme Ultra (3M ESPE, St Paul, Minnesota, USA)   
the mean µSBS value (26.78 MPa). However, there were no statistically significant 
differences between G2 (FLC) and G1 (PHC), ( p > 0.05) It well known that the Filtek
 
TM 
Supreme Ultra (3M ESPE, St Paul, Minnesota, USA)  resin composite is very thick, but 
preheating  technique of the resin composites exhibited significant decrease in film 
thickness due to the thermal energy that increases the molecular motion of the monomer 
chains within the composite.50 Daronch et al, have asserted that when a composite is 
heated up to 60◦ C and removed from the device, its temperature drops around 35–40% 
after 40s.51 Therefore, preheating composite has potential benefits, but should be used 
with knowledge of its limitations.  
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            Post-hoc comparisons using the Tukey‘s test indicated that there was a 
statistically significant difference between G1 (PHC) preheated composite and G4 
(MRVC) RelyX TM Veneer Cements (Rely X ARC, 3M ESPE, St Paul, Minnesota, USA) 
with monobond ceramic primer. 
               The flowable composite, has an inherently lower viscosity due to its low filler 
content,           which when preheated yielded large diameters under pressure. 
Nevertheless, the flowable composite has much lower film thicknesses at both 
temperatures and therefore, it cannot be equivocally claimed that pre-heating of a 
composite circumvents flow but it does enhance flow. A negative correlation between 
flow and filler content was also found at both temperatures which was expected as the 
role of the filler particles is to add rigidity to the composite. The reduction in film 
thickness can be correlated to higher mobility and decreased viscosity caused by 
increasing the temperature of the composite, a similar finding has been reported by 
Daronch and Rueggeberg52 
 
               According to Friedman (1991), it was possible to use many restorative 
composites to cement porcelain veneers. Flowable composites have been improved, a 
new class of flowable with reduced viscosity has emerged, with many indications, among 
them is use as a porcelain veneer bonding system35. According to Bayne et al, (1998), 
some flowable composite materials would seem acceptable for cementing ceramic 
veneers. These low viscosity materials facilitate pre-polymerization cleanup, eliminating 
the (technically dangerous) need for a partial or a tacking polymerization. In addition, 
since they are light curing materials, control during the seating process is increased and 
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the clinician has a longer working time compared with dual cure or chemical curing 
materials (Peumans et al, 2000). 53 
                 The statistical analysis showed that there were no statistically significant 
differences between RelyX TM Veneer Cement (3M ESPE, St Paul, Minnesota, USA) 
with Monobond plus as ceramic primer and Flowable Filtek
 
TM Supreme Ultra (3M 
ESPE, St Paul, Minnesota, USA). The mean shear bond strengths found in Group MRVC 
(29.47 MPa) and in Group FLC (26.78 MPa), which means that flowable composite can 
be an alternative material for porcelain veneer bonding.  
Cardash and others (1993). Apparently, this porcelain thickness did not affect the 
transmittance of light, as the light-cured flowable composite showed the same bond 
strength from the dual cured resin cement.54 
             Peumans and others (2000) have asserted that a strong correlation was found 
between the consistency and the film thickness of luting agents, which shows that 
flowable composites might have the same film thickness as resin cements, as they have 
almost the same consistency.37 
            In this study the results agree with Bayne (1998) and Barceleiro (2003) when they 
say that some flowable composites appear to be acceptable for veneer cementation.8, 36 
The most frequently experienced failure type was found as adhesive at the bonded G3 
(RCV) RelyX venner cement with scotchbond universal adhesive. 
Bovine teeth were used in this study as a substitute for human teeth because human teeth 
are now scarce, and the objective was to compare shear bond strengths. Previous studies 
according to (Fowler et al, 1992) have asserted that no significant differences bond 
strength by one tensile test and a shear test when compared between the human and 
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bovine teeth. Findings revealed no significant differences in bond strength by one tensile 
test and a shear test.55 (Nakamichi et al, 1983) have shown no differences for bond 




4.2 Limitations of the study  
This study has the following limitations:  
As an in-vitro study, it helps in primary investigation of dental biomaterials bonding 
properties but can not substitute in-vivo studies.   
Storing in water for four days can be considered of	minimal aging effect.   
This study was performed using the new microshear specimen preparation methodology 
while the conventional shear specimen preparation methodology was not performed in 
this study as it tests only one adhesive interface, which limits direct comparison of both 
methodologies.   
 
Chapter 5: Conclusion 
Within the limitations of the microshear bond strength method used in this study. 
Monobond plus ceramic primer should be used prior to RelyX veneer cement because the 
results showed the highest µSBS. RelyX veneer cement with Scotchbond universal 
adhesive showed the lowest µSBS. Flowable and Preheated composite could be used as a 







Figure 13. G1 - (PHC) E.max CAD; cement with Preheated Filtek
 




Figure 14. G1 - (PHC) E.max CAD; cement with Preheated Filtek
 




Figure 15. G1 - (PHC) E.max CAD; cement with Preheated Filtek
 




Figure 16. G2 - (FLC) E.max CAD; cement with Flowable Filtek
 




Figure 17. G2 - (FLC) E.max CAD; cement with Flowable Filtek
 




Figure 18. G2 - (FLC) E.max CAD; cement with Flowable Filtek
 




Figure 19. G3 - (RVC) E.max CAD; cement with RelyX TM Veneer Cement with 




Figure 20. G3 - (RVC) E.max CAD; cement with RelyX TM Veneer Cement with 




Figure 21. G3 - (RVC) E.max CAD; cement with RelyX TM Veneer Cement with 




Figure 22. G4 - (MRVC) E.max CAD; cement with RelyX TM Veneer Cement with 






Figure 23. G4 - (MRVC) E.max CAD; cement with RelyX TM Veneer Cement with 

















ID	 Cement	Material	 N	 L	 W	 L*W	 MP	
1	 flowable	composite	(FLC)	 193.88	 1.9	 1.8	 3.42	 56.69	
2	 flowable	composite	(FLC)	 148.28	 2	 2	 4	 37.07	
3	 flowable	composite	(FLC)	 117.37	 2.1	 2.1	 4.41	 26.61	
4	 flowable	composite	(FLC)	 102.17	 2	 1.9	 3.8	 26.89	
5	 flowable	composite	(FLC)	 83.55	 2	 2	 4	 20.89	
6	 flowable	composite	(FLC)	 103.97	 1.9	 1.9	 3.61	 28.80	
7	 flowable	composite	(FLC)	 68.08	 2	 2	 4	 17.02	
8	 flowable	composite	(FLC)	 113.87	 2	 2	 4	 28.47	
9	 flowable	composite	(FLC)	 69.68	 1.9	 1.9	 3.61	 19.30	
10	 flowable	composite	(FLC)	 80.08	 2	 2	 4	 20.02	
11	 Flowable	composite	(FLC)	 53.97	 2.1	 2	 4.2	 12.85	
12	 RelyX	(RVC)	 38.99	 2	 1.9	 3.8	 10.26	
13	 RelyX	(RVC)	 13.44	 1.9	 1.9	 3.61	 3.72	
14	 RelyX	(RVC)	 34.74	 2	 2	 4	 8.69	
15	 RelyX	(RVC)	 65.78	 2	 2	 4	 16.45	
16	 RelyX	(RVC)	 48.59	 2	 2	 4	 12.15	
17	 RelyX	(RVC)	 14.21	 2	 2	 4	 3.55	
18	 RelyX	(RVC)	 18.92	 2	 2	 4	 4.73	
19	 RelyX	(RVC)	 43.61	 1.9	 1.9	 3.61	 12.08	
20	 RelyX	(RVC)	 40.81	 2	 2	 4	 10.20	
21	 RelyX	(RVC)	 40.39	 1.9	 1.9	 3.61	 11.19	
22	 RelyX	(RVC)	 15.13	 2	 2	 4	 3.78	
23	 Preheated	Composite	(PHC)	 107.57	 2.2	 1.9	 4.18	 25.73	
24	 Preheated	Composite	(PHC)	 32.8	 2.1	 2	 4.2	 7.81	
25	 Preheated	Composite	(PHC)	 19.1	 2.3	 1.9	 4.37	 4.37	
26	 Preheated	Composite	(PHC)	 70.36	 1.9	 2	 3.8	 18.52	
27	 Preheated	Composite	(PHC)	 77.89	 2	 2	 4	 19.47	
28	 Preheated	Composite	(PHC)	 95.02	 2	 2	 4	 23.76	
29	 Preheated	Composite	(PHC)	 95.74	 2	 2	 4	 23.94	
30	 Preheated	Composite	(PHC)	 109.79	 2	 1.9	 3.8	 28.89	
31	 Preheated	Composite	(PHC)	 76.41	 1.9	 1.9	 3.61	 21.17	
32	 Preheated	Composite	(PHC)	 59.19	 1.8	 1.9	 3.42	 17.31	
33	 Preheated	Composite	(PHC)	 78.91	 2	 2	 4	 19.73	
34	 Preheated	Composite	(PHC)	 44.44	 2	 1.9	 3.8	 11.69	
35	 Modified	RelyX	with	Silane	(MRVC)	 114.36	 1.9	 1.9	 3.61	 31.68	
36	 Modified	RelyX	with	Silane	(MRVC)	 166.56	 1.9	 2	 3.8	 43.83	
37	 Modified	RelyX	with	Silane	(MRVC)	 173.38	 2	 2	 4	 43.35	
38	 Modified	RelyX	with	Silane	(MRVC)	 71.7	 2	 1.8	 3.6	 19.92	
39	 Modified	RelyX	with	Silane	(MRVC)	 92.15	 1.9	 1.8	 3.42	 26.94	
40	 Modified	RelyX	with	Silane	(MRVC)	 134.95	 1.9	 1.9	 3.61	 37.38	
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41	 Modified	RelyX	with	Silane	(MRVC)	 106.87	 2.1	 2	 4.2	 25.45	
42	 Modified	RelyX	with	Silane	(MRVC)	 44.18	 2	 1.9	 3.8	 11.63	
43	 Modified	RelyX	with	Silane	(MRVC)	 89.46	 1.9	 1.9	 3.61	 24.78	
44	 Modified	RelyX	with	Silane	(MRVC)	 94.15	 1.9	 2	 3.8	 24.78	
45	 Modified	RelyX	with	Silane	(MRVC)	 111.28	 1.9	 1.9	 3.61	 30.83	
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